In this study, we obtain the approximate soliton solution of the fractional generalized Hirota-Satsuma coupled Kortewegde Vries equation (GHS-cKdV) within the homotopy analysis method (HAM). Numerical results are successfully compared with other solutions obtained by the differential transform method (DTM) and the homotopy perturbation method (HPM). The numerical results indicate that the only few terms are sufficient to get the correct solutions. Also, the results are given by tables and figures.
Introduction
During the past few decades, the fractional equations have been occurred from structures in different fields of science and engineering [20] . The fractional KdV equation and the fractional HSKdV are the most important of these type equations [1, 21, 23] . Firstly, Gardner et al. found analytical solution for cKdV, which describes interactions of two long waves with different dispersion relations [6, 9] , later Hirota and Satsuma introduced a cKdV equation η ϑ − a(η ρρρ + 6ηη ρ ) = 2bϕϕ ρ , (1.1)
where a and b are arbitrary constants [10] . 2bϕϕ ρ acts as a force term on the KdV wave system with the linear dispersion relation ω = aκ 3 . From the equations (1.1) and (1.2), consider the GHS-cKdV equation [1] η ϑ = 1 2 η ρρρ − 3ηη ρ + 3(λ ) ρ , λ ϑ = −λ ρρρ + 3ηλ ρ , ϑ = − ρρρ + 3η ρ .
In this study, we consider the solution of GHS-cKdV of time-fractional order 
are system of (1.3) when α = 1 [5, 14] .
In this study, we will use the HAM which was developed by Liao in [12] . This method contains the auxiliary parameter h which provides us with a simple way to adjust and control the convergence region of solution series for large or small values of ρ and ϑ [2, 3, 8, 11, 13, 15, 16] .
Basic definitions
Definition 2.1. The R-L fractional integral operator of order α 0 of a function f ∈ ξ µ , µ −1, is described as [7, 19] 
The HAM solution of the GHS-cKdV
According to the system (1.3), we start the application of the HAM for solving this system using the initial conditions. In this system,
are the initial conditions of η(ρ, ϑ), λ(ρ, ϑ) and (ρ, ϑ) [5, 14] . We choose
with property L[c i ] = 0, where c i is constants. We define N i by
So, we install the zeroth-order deformation equations
In (3.2) for p = 0 and p = 1 respectively
So we get mth-order DEqs;
Here,
Now the solution of the mth-order DEqs. (3.3) for m 1 becomes
If we use (2.1) in Eqs. (3.5), then we get
Instead of (3.6) and
writable and H(ϑ) can be chosen in the form H(ϑ) = 1. Arrangement of (3.7) gives m-th order deformation equations
Therefore, we are obtained components as
,
. . .
, . . . and so on.
As a result, the m-th order approximations of η(ρ, ϑ), λ(ρ, ϑ) and (ρ, ϑ) are given by 
Proof. If the series
convergence, then we can write By using the definition (3.4), we get
From the condition η(ρ, 0) = 0 and η m (ρ, 0) = 0,
In the same like (3.9)
From the conditions λ(ρ, 0) = 0, λ m (ρ, 0) = 0 and (ρ, 0) = 0, m (ρ, 0) = 0,
Consequently, S(ρ, ϑ) must be the exact solution of (1.3) and (3.1). 
Conclusion
In this article, we have achieved approximate solutions of a time-fraction GHS-cKdV equation via the HAM.
We have made convergence analysis and the range of h = 0 was determined in Figures 1 and 2 . Absolute errors that were obtained by DTM [14] , HPM [5] and HAM have been seen in Tables 1-3 . As it has been seen from these tables, when h takes selecting the approximate, HAM gave better results than the other two methods. In Tables 4-6 , a comparison between HAM, ES and absolute error that was obtained by HAM for 5-terms of η, λ and was showed. In Figures 3-5 , a comparison between DTM, HPM, HAM and ES for α = 0.75 and some values of κ, β, ξ 0 , ξ 1 and convergence control parameter h was presented. As it has been shown from the figures, DTM and HPM solutions walked off from ES but HAM solution approached the ES.
Consequently, in spite of solution which is found by HAM observed very closed to analytical solution, it is shown that solutions which are obtained with DTM and HPM are far to analytical solutions. In conclusion, HAM provides us with a simple way to adjust and control the convergence regions and rates of approximation solution.
